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To a stirred solution of 1-chloro-3-nitro-dihydromorphinone (5, 178 mg, 0.51 mmol) in anhydrous THF (12 mL) at 0 o C was added K-selectride (0.50 mL, 1.0 M in THF) 
N-((7S,7aR)-7-hydroxy-3-methyl-2,3,4,4a,5,6,7,7a-octahydro-1H-4,12-
Tritylmercaptopropionic acid NHS-ester (8) 
Preparation of anti-hapten sera
Heroin haptens 6-AcMorHap, 6-PrOxyHap, MorHap, DiAmHap and DiPrOxyHap were coupled to tetanus toxoid (TT) and mixed with liposomes containing monophosphoryl lipid A as adjuvant (Fig. S12) . 
Strategy of Conventional ED and Competition ED for anti-hapten sera
In a conventional ED, polyclonal sera (sample chamber) are allowed to equilibrate with different drug concentrations (buffer chamber). At equilibrium, the concentrations of the The synthesis of BSA-hapten was described vide infra. BSA-hapten (100 μL, 1 μg/mL BSA in DPBS) was added to the ELISA plates and incubated at 4 ºC overnight.
The excess BSA-hapten was removed and the remainder of the ELISA was conducted as described previously by Jalah et al. Briefly, the plates were incubated with blocker for 2 h. Mouse sera were serially diluted in blocker and added to the plates in triplicates.
Following incubation for 2 h at RT, the plates were washed with wash buffer. Peroxidase linked-sheep anti-mouse IgG diluted in blocker (1:1000) was added and the plates were incubated for 1 h at RT. The plates were washed and ABTS peroxidase substrate system (100 μL/well) was added. After incubation at RT for 1 h, 1 % SDS (100 μL/well) was added to stop the reaction and the absorbance was read at 405 nm. Haptens were coupled to BSA using the optimized bioconjugation method described by Torres et al (Fig. S12 ) 
